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(54) Piezoelectric element, composite piezoelectric element, and filter, duplexer and 
communication equipment using the same 



(57) A piezoelectric element of the present invention 
includes a substrate (21), a lower electrode layer (24), 
a piezoelectric layer (22), an upper electrode layer (23), 
a cavity portion (25) formed below a piezoelectric vibrat- 
ing portion (1), and at least two bridging portions (2a, 
2b). The at least two bridging portions (2a,2b) are 



formed so as not to be line-symmetric with respect to 
any line segment traversing the piezoelectric vibrating 
portion (1) and/or so as not to be point-symmetric with 
respect to any point in the piezoelectric vibrating portion 
(1) in a projection of the piezoelectric vibrating portion 
(1) in the laminating direction. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention . 

[0001 ] The present invention relates to a piezoelectric 
element, more specifically, an improved piezoelectric el- 
ement having good vibration characteristics in which un- 
wanted signals based on unwanted vibrations (herein- 
after, referred to as "spurious responses") are sup- 
pressed effectively. The present invention also relates 
to an improved composite piezoelectric element in 
which unwanted vibration modes do not interfere with 
each other between adjacent piezoelectric elements. 
The present invention also relates to a filter, a duplexer 
and communication equipment using the same. 

Description of the Background Art 

[0002] There is a demand for further smaller and light- 
er components to be integrated in electronic equipment, 
in particular portable equipment. For example, for filters 
used in portable equipment, there is a demand for com- 
pactness, small insertion loss and large attenuation 
characteristics. 

[0003] Filters using a piezoelectric element are known 
as filters that can satisfy these requirements. 
[0004] FIG. 27A is a schematic cross-sectional view 
of a conventional piezoelectric element. FIG. 27B is an 
equivalent circuit diagram of this conventional piezoe- 
lectric element. 

[0005] As shown in FIG. 27A, the conventional piezo- 
electric element includes a piezoelectric vibrating por- 
tion 90 on a substrate 91. A piezoelectric layer 92, an 
upper electrode layer 93, and a lower electrode layer 94 
are laminated to form the piezoelectric vibrating portion 
90. The upper electrode layer 93 and the lower electrode 
layer 94 sandwich the piezoelectric layer 92. A cavity 
portion 95 penetrating the substrate 91 is provided such 
that the lower surface of the piezoelectric vibrating por- 
tion 90 is exposed. The cavity portion 95 is provided in 
the substrate 91 in order to ensure free vibration of the 
piezoelectric vibrating portion 90. 
[0006] When an electric field is applied between the 
upper electrode layer 93 and the lower electrode layer 
94, electrical energy is converted into mechanical ener- 
gy in the piezoelectric layer 92. For example, when alu- 
minum nitride (AIN) having its polarization axis in the 
thickness direction is used as the piezoelectric layer 92, 
the mechanical energy is converted principally into a 
longitudinal vibration in the thickness direction. Thus, 
the piezoelectric layer 92 expands and contracts in the 
same direction as the electric field. 
[0007] As shown in FIG. 27B, the equivalent circuit di- 
agram of the conventional piezoelectric element in- 
cludes a serial resonant circuit and a parallel resonant 
circuit. Therefore, the conventional piezoelectric ele- 
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ment has a resonant frequency and an anti-resonant fre- 
quency. When the thickness of the piezoelectric vibrat- 
ing portion 90 is taken as t ; the conventional piezoelec- 
tric element resonates at a resonant frequency fr (= v/ 
5 X) corresponding to a wavelength X that satisfies t = X 
/2, where v is the ultrasonic velocity in the material con- 
stituting the piezoelectric vibrating portion 90. The anti- 
resonant frequency fa, similarly to the resonant frequen- 
cy, is inversely proportional to the thickness t of the pi- 
10 ezoelectric vibrating portion 90, and is proportional to 
the ultrasonic velocity in the material constituting the pi- 
ezoelectric vibrating portion 90. When the resonant fre- 
quency and/or the anti-resonant frequency is to be set 
within a frequency band of several 100 MHz to several 
15 GHz, the thickness of the piezoelectric vibrating portion 
90 corresponding to such a resonant frequency and/or 
anti-resonant frequency is a thickness that can be 
formed easily by industrial thin-film formation. There- 
fore, the conventional piezoelectric element is compact 
20 and is useful as a resonator having a high Q-value in 
the above-described frequency band. 
[0008] In the piezoelectric vibrating portion 90, ideally, 
it is preferable that only vibrations in the thickness di- 
rection P of the piezoelectric layer 92 are present. How- 
25 ever, the piezoelectric vibrating portion 90 is supported 
at its periphery by the substrate 91 , and therefore the 
piezoelectric vibrating portion is constrained by the sup- 
porting portion in the substrate 91 . Therefore, spurious 
responses tend to occur. 
30 [0009] Furthermore, in the conventional piezoelectric 
element, vibrations in the lateral direction Q are also ex- 
cited, so that a plurality of laterally propagating acoustic 
wave modes are present. These laterally propagating 
acoustic wave modes are unwanted vibration modes. 
35 The laterally propagating acoustic wave modes propa- 
gate in parallel to the surface of the electrode and effect 
multiple reflections at the side wall of the piezoelectric 
layer 92 or the end portions of the upper electrode layer 
93 and the lower electrode layer 94, which causes spu- 
40 rious response. Fu rthermore, in the case of a composite 
piezoelectric element in which piezoelectric elements 
are arranged adjacent to each other, unwanted vibration 
modes interfere with each other between the adjacent 
piezoelectric elements, which causes spurious re- 
45 sponse. The spurious responses that are caused by the 
laterally propagating acoustic wave modes deteriorate 
the frequency characteristics of the piezoelectric ele- 
ment. 

[0010] Various techniques have been proposed in or- 
50 der to solve the problem that the frequency character- 
istics of the piezoelectric element is deteriorated by the 
spurious responses. FIG. 28A is a top view of a conven- 
tional piezoelectric element disclosed in International 
Publication No. 98/52280. FIG. 28B is a cross-sectional 
55 view taken along the line B-B of the conventional piezo- 
electric element shown in FIG. 28A. 
[0011] As shown in FIG. 28A and 28B, an insulating 
film 73 is formed on a substrate 81 having a cavity por- 
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tion 85. A piezoelectric vibrating portion 80 is provided 
above the cavity portion 85, straddling the cavity portion 
85. The opposite ends of the piezoelectric vibrating por- 
tion 80 are supported by the substrate 81 . A lower elec- 
trode layer 84, a piezoelectric layer 82 and an upper 
electrode layer 83 are laminated to form the piezoelec- 
tric vibrating portion 80. The lower electrode layer 84 is 
connected to a wiring electrode 86. The end portion of 
the wiring electrode 86 constitutes a terminal electrode 
87. The upper electrode layer 83 is connected to a ter- 
minal electrode 71 via a connection portion 88, a wiring 
electrode 89 and a connection portion 70. A mask 72 is 
a mask for forming the cavity portion 85. According to 
the conventional piezoelectric element shown in FIGS. 
28A and 28B, the piezoelectric vibrating portion 80 is 
supported above the cavity portion 85 by the substrate 
81 with two supporting portions 74 and 75. Therefore, 
the constraint from the substrate 81 on the piezoelectric 
vibrating portion 80 becomes small. Thus : spurious re- 
sponses are suppressed to some extent. However, the 
piezoelectric vibrating portion 80 is supported at sym- 
metric positions with respect to the substrate 81 , so that 
in particular, the laterally propagating acoustic wave 
modes cannot sufficiently be suppressed. 
[0012] FIG. 29A is a top view of another conventional 
piezoelectric element disclosed in Japanese Laid-Open 
Patent Publication No.9-130199. FIG. 29B is a cross- 
sectional view taken along the line B-B of the conven- 
tional piezoelectric element shown in FIG. 29A. 
[0013] As shown in FIGS. 29A and 29B, a piezoelec- 
tric vibrating portion 60 is provided above a substrate 
61 having a cavity portion 65, straddling the cavity por- 
tion 65 via a support member 53. A lower electrode layer 
64, a piezoelectric layer 62 and an upper electrode layer 
63 are laminated to form the piezoelectric vibrating por- 
tion 60. The lower electrode layer 64 is connected to a 
terminal electrode 67 via a wiring electrode 66. The up- 
per electrode layer 63 is connected to a terminal elec- 
trode 51 via a wiring electrode 69. An etching hole 54 is 
provided for forming the cavity portion 65 in the sub- 
strate 61 . A protective film 55 is provided to protect the 
lower electrode layer 64 from the etchant during etchi ng. 
According to the conventional piezoelectric element 
shown in FIGS. 29A and 29B, the piezoelectric vibrating 
portion 60 is supported by the substrate 61 with two sup- 
porting portions 56 and 57. Therefore, the constraint 
from the substrate 61 on the piezoelectric vibrating por- 
tion 60 becomes small. Thus, spurious responses are 
suppressed to some extent. However, similarly to the 
above example, the piezoelectric vibrating portion 60 is 
supported at symmetric positions with respect to the 
substrate 61 , so that in particular, the laterally propagat- 
ing acoustic wave modes cannot sufficiently be sup- 
pressed. 

[001 4] Furthermore, the conventional piezoelectric el- 
ement shown in FIGS. 28A and 28B has the following 
problem. The piezoelectric vibrating portion 80 is sup- 
ported by the substrate 81 with two supporting portions 



74 and 75. The supporting portions 74 and 75 are line- 
symmetric with respect to a line segment L. Therefore, 
the piezoelectric vibrating portion 80 is easily twisted or 
easily vibrates in the width direction. Therefore, spuri- 

5 ous responses (e.g., unwanted vibration including twist 
components or unwanted lateral vibration) caused by 
the symmetric property of the supporting portions 74 
and 75 may occur, in addition to the longitudinal vibra- 
tion in the thickness direction, which is the main reso- 

10 nance. Thus, in the conventional piezoelectric element 
shown in FIGS. 28A and 28B, spurious responses can- 
not be suppressed effectively. 

[001 5] Furthermore, the conventional piezoelectric el- 
ement shown in FIGS. 29A and 29B has the following 

15 problem. The piezoelectric vibrating portion 60 is sup- 
ported by the substrate 61 with two supporting portions 
56 and 57. The supporting portions 56 and 57 are point- 
symmetric with respect to a point O. Therefore, the pie- 
zoelectric vibrating portion 60 is easily twisted or easily 

20 vibrates in the width direction. Therefore, in this case as 
well, spurious responses (e.g., unwanted vibration in- 
cluding twist components or unwanted lateral vibration) 
caused by the symmetric property of the supporting por- 
tions 56 and 57 may occur, in addition to the longitudinal 

25 vibration in the thickness direction, which is the main 
resonance. Furthermore, the vibration mode that prop- 
agates in an oblique direction from the end portion of 
the upper electrode layer 63 or the lower electrode layer 
64 is confined in the piezoelectric vibrating portion 60. 

30 The confined vibration mode causes spurious respons- 
es. Thus, in the conventional piezoelectric element 
shown in FIGS. 29A and 29B, spurious responses can- 
not be suppressed effectively. 

35 SUMMARY OF THE INVENTION 

[0016] Therefore, an object of the present invention is 
to provide an improved piezoelectric element with which 
spurious responses can be suppressed effectively. An- 

40 other object of the present invention is to provide an im- 
proved piezoelectric element that has good vibration 
characteristics. Another object of the present invention 
is to provide a piezoelectric element having excellent 
mechanical strength. Furthermore, another object of the 

45 present invention is to provide an improved composite 
piezoelectric element so that unwanted vibration modes 
do not interfere with each other between the adjacent 
piezoelectric elements. Furthermore, another object of 
the present invention is to provide a filter, a duplexer and 

50 communication equipment using such a piezoelectric el- 
ement or composite piezoelectric element. 
[0017] The present invention has the following fea- 
tures to attain the object mentioned above. A first aspect 
of the present invention is directed to a piezoelectric el- 

55 ement including a substrate, a lower electrode layer 
laminated on or above the substrate, a piezoelectric lay- 
er laminated on or above the lower electrode layer, an 
upper electrode layer laminated on or above the piezo- 
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electric layer, a cavity portion formed below a piezoe- 
lectric vibrating portion including the lower electrode lay- 
er, the piezoelectric layer and the upper electrode layer 
and at least two bridging portions extending from a por- 
tion of a periphery of the piezoelectric vibrating portion, 
for supporting the piezoelectric vibrating portion with the 
substrate above the cavity portion. The at least two 
bridging portions are formed so as not to be line-sym- 
metric with respect to any line segment traversing the 
piezoelectric vibrating portion and/or so as not to be 
point-symmetric with respect to any point in the piezoe- 
lectric vibrating portion in a projection of the piezoelec- 
tric vibrating portion in the laminating direction. 
[0018] Thus, according to the first aspect of the 
present invention, the piezoelectric vibrating portion is 
provided above the cavity portion, vibration close to free 
vibration can be obtained, and the effective electrome- 
chanical coupling factor can be large. Furthermore, the 
two bridging portions are formed so as not to be line- 
symmetric with respect to any line segment traversing 
the piezoelectric vibrating portion and/or so as not to be 
point-symmetric with respect to any point in the piezoe- 
lectric vibrating portion in the projection in the laminating 
direction. Therefore, spurious responses caused by the 
symmetry of the supporting portions can be suppressed. 
[001 9] It is preferable that the cavity portion is formed 
by processing the substrate. Furthermore, the cavity 
portion may be formed by processing a cavity portion- 
forming layer for forming the cavity portion that is pro- 
vided on the substrate. 

[0020] Thus, the cavity portion can be formed easily. 
[0021] It is preferable that the piezoelectric element 
further includes a dielectric layer provided so as to be 
in contact with at least one selected from the group con- 
sisting of the lower electrode layer, the piezoelectric lay- 
er and the upper electrode layer. 
[0022] Thus, the adhesive strength can be increased 
by interposing the dielectric layer. Moreover, although 
the piezoelectric layer has a large temperature coeffi- 
cient with respect to the resonant frequency, the elastic 
constant can be compensated with respect to tempera- 
ture changes by additionally providing the dielectric lay- 
er. As a result, the change in the resonant frequency 
with respect to temperature changes is reduced. 
[0023] It is preferable that the dielectric layer is pro- 
vided between the substrate and the lower electrode 
layer. 

[0024] Thus, the adhesive strength between the sub- 
strate and the lower electrode layer is increased. When 
a silicon semiconductor is used for the substrate, the 
dielectric layer serves as an insulating layer. 
[0025] It is preferable that the bridging portions are 
formed by extending at least one selected from the 
group consisting of the lower electrode layer, the piezo- 
electric layer, the upper electrode layer and the dielectric 
layer. 

[0026] Thus, a special production process for forming 
the bridging portion is eliminated. 



[0027] It is preferable that the at least one selected 
from the group consisting of the lower electrode layer, 
the piezoelectric layer, the upper electrode layer and the 
dielectric layer is formed so as to extend up to at least 

5 a portion of a peripheral portion of the cavity portion. 
[0028] Thus, the strength for supporting the piezoe- 
lectric vibrating portion is increased. 
[0029] It is preferable that the at least two bridging 
portions include a first bridging portion including a por- 

10 tion extended from the upper electrode layer and a sec- 
ond bridging portion including a portion extended from 
the lower electrode layer. The piezoelectric element fur- 
ther includes a first wiring electrode that is provided in 
a peripheral portion of the cavity portion on or above the 

15 substrate so as to be electrically connected to the por- 
tion extended from the upper electrode layer and that is 
connected to a first terminal electrode, and a second wir- 
ing electrode that is provided in a peripheral portion of 
the cavity portion on or above the substrate so as to be 

20 electrically connected to the portion extended from the 
lower electrode layer and that is connected to a second 
terminal electrode. 

[0030] With this feature, the first bridging portion and 
the upper electrode layer can be electrically connected, 
25 and the second bridging portion and the lower electrode 
layer can be electrically connected. 
[0031] It is preferable that the first wiring electrode is 
provided such that a first central line connecting the 
center of the piezoelectric vibrating portion and the cent- 
re er of the first bridging portion is not overlapped with a 
second central line connecting the center of the piezo- 
electric vibrating portion and the center of the first wiring 
electrode in a projection in the laminating direction, and 
the second wiring electrode is provided such that a third 
35 central line connecting the center of the piezoelectric vi- 
brating portion and the center of the second bridging 
portion is not overlapped with a fourth central line con- 
necting the center of the piezoelectric vibrating portion 
and the center of the second wiring electrode in a pro- 
40 jection in the laminating direction. 

[0032] It is preferable that the first bridging portion is 
provided such that the first bridging portion is not pro- 
vided between the piezoelectric vibrating portion and 
the first wiring electrode in the laminating direction, and 
45 the second bridging portion is provided such that the 
second bridging portion is not provided between the pi- 
ezoelectric vibrating portion and the second wiring elec- 
trode in the laminating direction. 

[0033] With this feature, electrical signals of high pow- 
50 er do not enter the piezoelectric vibrating portion from 
the wiring electrode at one time. Therefore, the break- 
down of the piezoelectric element can be prevented. As 
a result, the rated power of the piezoelectric element can 
be increased. 

55 [0034] It is preferable that the piezoelectric element 
further includes a first relay electrode electrically con- 
nected to the upper electrode layer extending up to a 
periphery of the cavity portion via the at least two bridg- 
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ing portions; and a second relay electrode electrically 
connected to the lower electrode layer .extending up to 
a periphery of the cavity portion via the at least two bridg- 
ing portions. 

[0035] By providing the first and second relay elec- 
trodes in this manner, an input voltage can be supplied 
uniformly to the piezoelectric vibrating portion from the 
periphery of the piezoelectric vibrating portion through 
the bridging portions. 

[0036] It is preferable that at least one of the first relay 
electrode and the second relay electrode is provided in 
a ring-shape or a frame-shape along the periphery of 
the cavity portion. 

[0037] Thus, it is expected that an input voltage can 
be supplied most uniformly. 

[0038] A second aspect of the present invention is di- 
rected to a composite piezoelectric element in which at 
least two piezoelectric elements are electrically con- 
nected to each other, at least one of the piezoelectric 
elements including a substrate, a lower electrode layer 
laminated on or above the substrate, a piezoelectric lay- 
er laminated on or above the lower electrode layer, an 
upper electrode layer laminated on or above the piezo- 
electric layer, a cavity portion formed below a piezoe- 
lectric vibrating portion including the lower electrode lay- 
er, the piezoelectric layer and the upper electrode layer, 
and at least two bridging portions extending from a por- 
tion of a periphery of the piezoelectric vibrating portion, 
for supporting the piezoelectric vibrating portion with the 
substrate above the cavity portion. The at least two 
bridging portions are formed so as not to be line-sym- 
metric with respect to any line segment traversing the 
piezoelectric vibrating portion and/or so as not to be 
point-symmetric with respect to any point in the piezoe- 
lectric vibrating portion in a projection of the piezoelec- 
tric vibrating portion in the laminating direction. 
[0039] Thus, a composite piezoelectric element hav- 
ing good characteristics can be provided by using a pi- 
ezoelectric element in which spurious responses are 
suppressed. 

[0040] A third aspect of the present invention is direct- 
ed to a piezoelectric element including a substrate, a 
lower electrode layer laminated on or above the sub- 
strate, a piezoelectric layer laminated on or above the 
lower electrode layer, an upper electrode layer laminat- 
ed on or above the piezoelectric layer, a mirror layer 
formed below a piezoelectric vibrating portion including 
the lower electrode layer, the piezoelectric layer and the 
upper electrode layer, a first joint portion including a por- 
tion extended from the upper electrode layer, for elec- 
trically and mechanically connecting to a first wiring 
electrode formed on the mirror layer, and a second joint 
portion including a portion extended from the lower elec- 
trode layer, for electrically and mechanically connecting 
to a second wiring electrode formed on the mirror layer. 
The first joint portion and the second joint portion are 
formed so as not to be line-symmetric with respect to 
any line segment traversing the piezoelectric vibrating 



portion and/or so as not to be point-symmetric with re- 
spect to any point in the piezoelectric vibrating portion 
in a projection of the piezoelectric vibrating portion in 
the laminating direction. 

5 [0041] In this manner, the first and the second joint 
portions are formed so as not to be line-symmetric with 
respect to any line segment traversing the piezoelectric 
vibrating portion and/or so as not to be point-symmetric 
with respect to any point in the piezoelectric vibrating 

to portion in the projection in the laminating direction. 
Therefore, spurious responses caused by the symmetry 
of the supporting portions can be suppressed, 
[0042] A fourth aspect of the present invention is di- 
rected to a filter including a plurality of piezoelectric el- 

15 ements, at least one of the piezoelectric elements in- 
cluding a substrate, a lower electrode layer laminated 
on or above the substrate, a piezoelectric layer laminat- 
ed on or above the lower electrode layer, an upper elec- 
trode layer laminated on or above the piezoelectric lay- 

20 er, a cavity portion formed below a piezoelectric vibrat- 
ing portion including the lower electrode layer, the pie- 
zoelectric layer and the upper electrode layer, and at 
least two bridging portions extending from a portion of 
a periphery of the piezoelectric vibrating portion , for sup- 

25 porting the piezoelectric vibrating portion with the sub- 
strate above the cavity portion. The at least two bridging 
portions are formed so as not to be line-symmetric with 
respect to any line segment traversing the piezoelectric 
vibrating portion and/or so as not to be point-symmetric 

30 with respect to any point in the piezoelectric vibrating 
portion in a projection of the piezoelectric vibrating por- 
tion in the laminating direction. 

[0043] A fifth aspect of the present invention is direct- 
ed to a duplexer including a filter including a plurality of 

35 piezoelectric elements, at least one of the piezoelectric 
elements including a substrate, a lower electrode layer 
laminated on or above the substrate, a piezoelectric lay- 
er laminated on or above the lower electrode layer, an 
upper electrode layer laminated on or above the piezo- 

40 electric layer, a cavity portion formed below a piezoe- 
lectric vibrating portion including the lower electrode lay- 
er, the piezoelectric layer and the upper electrode layer, 
and at least two bridging portions extending from a por- 
tion of a periphery of the piezoelectric vibrating portion, 

45 for supporting the piezoelectric vibrating portion with the 
substrate above the cavity portion. The at least two 
bridging portions are formed so as not to be line-sym- 
metric with respect to any line segment traversing the 
piezoelectric vibrating portion and/or so as not to be 

50 point-symmetric with respect to any point in the piezoe- 
lectric vibrating portion in a projection of the piezoelec- 
tric vibrating portion in the laminating direction. 
[0044] A sixth aspect of the present invention is di- 
rected to communication equipment including a piezo- 

55 electric element, the piezoelectric element including a 
substrate, a lower electrode layer laminated on or above 
the substrate, a piezoelectric layer laminated on or 
above the lower electrode layer, an upper electrode lay- 
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er laminated on or above the piezoelectric layer, a cavity 
portion formed below a piezoelectric vibrating portion in- 
cluding the lower electrode layer, the piezoelectric layer 
and the upper electrode layer, and at least two bridging 
portions extending from a portion of a periphery of the 5 
piezoelectric vibrating portioa for supporting the piezo- 
electric vibrating portion with the substrate above the 
cavity portion. The at least two bridging portions are 
formed so as not to be line-symmetric with respect to 
any line segment traversing the piezoelectric vibrating 10 
portion and/or so as not to be point-symmetric with re- 
spect to any point in the piezoelectric vibrating portion 
in a projection of the piezoelectric vibrating portion in 
the laminating direction. 

[0045] According to the present invention, a piezoe- 15 
lectric element having good vibration characteristics in 
which spurious responses caused by the symmetry of 
the supporting portions of the substrate can be sup- 
pressed effectively can be provided. Moreover, a piezo- 
electric element having excellent mechanical strength 20 
can be provided. According to the present invention, a 
composite piezoelectric element having good charac- 
teristics in which unwanted vibration modes do not in- 
terfere with each other between adjacent piezoelectric 
elements can be provided. Moreover, the present inven- 25 
tion provides a filter, a duplexer and communication 
equipment using such a piezoelectric element or a com- 
posite piezoelectric element. 

[0046] These and other objects, features, aspects 
and advantages of the present invention will become 30 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings. 
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[0047] 



FIG. 1 A is a top view of a piezoelectric element 20 
of a first embodiment of the present invention; *o 
FIG. 1 B is a cross-sectional view taken along the 
line B-B in FIG. 1 A of the piezoelectric element 20 
of the first embodiment; 

FIG. 1C is a plan view of an extracted portion of a 
lower electrode layer and its vicinity; 45 
FIG. 2A is a top view of a piezoelectric element 20a 
when a cavity portion is formed so as to penetrate 
a substrate vertically; 

FIG. 2B is a cross-sectional view taken along the 
line B-B in FIG. 2A of the piezoelectric element 20a 50 
when a cavity portion is formed so as to penetrate 
a substrate vertically; 

FIG. 3A is a top view of a piezoelectric element 20b 
when a cavity portion is formed by forming a cavity 
portion-forming layer on a substrate; 55 
FIG. 3B is an end view taken along the line B-B in 
FIG. 3A of the piezoelectric element 20b when a 
cavity portion is formed by forming a cavity portion- 



forming layer on a substrate; 
FIG. 4A is a top view of a piezoelectric element 20c 
of a second embodiment of the present invention: 
FIG. 4B is a view showing a first example of the 
cross-section taken along the line X-X in FIG. 4A of 
the piezoelectric element 20c of the second embod- 
iment; 

FIG. 4C is a view showing a second example of the 
cross-section taken along the line X-X in FIG. 4A of 
the piezoelectric element 20c of the second embod- 
iment; 

FIG. 4D is a view showing a third example of the 
cross-section taken along the line X-X in FIG. 4A of 
the piezoelectric element 20c of the second embod- 
iment; 

FIG. 5A is a view showing a first example of the 
cross-section of the piezoelectric element 20d of a 
third embodiment; 

FIG. 5B is a view showing a second example of the 
cross-section of the piezoelectric element 20d of 
the third embodiment; 

FIG. 5C is a view showing a third example of the 
cross-section of the piezoelectric element 20d of 
the third embodiment; 

FIG. 5D is a view showing a fourth example of the 
cross-section of the piezoelectric element 20d of 
the third embodiment; 

FIG. 5E is a view showing a fifth example of the 
cross-section of the piezoelectric element 20d of 
the third embodiment; 

FIG. 6A is a view showing a first example of the 
cross-section of the piezoelectric element 20e of a 
fourth embodiment; 

FIG. 6B is a view showing a second example of the 
cross-section of the piezoelectric element 20e of 
the fourth embodiment; 

FIG. 6C is a view showing a third example of the 
cross-section of the piezoelectric element 20e of 
the fourth embodiment; 

FIG. 6D is a view showing a fourth example of the 
cross-section of the piezoelectric element 20e of 
the fourth embodiment; 

FIG. 6E is a view showing a fifth example of the 
cross-section of the piezoelectric element 20e of 
the fourth embodiment; 

FIG. 7A is a top view showing a piezoelectric ele- 
ment 20f in which the piezoelectric vibrating portion 
1 is rectangular; 

FIG. 7B is a top view showing the piezoelectric el- 
ement 20f in which the piezoelectric vibrating por- 
tion 1 is inequilateral nonparallel polygonal; 
FIG. 7C is a top view showing the piezoelectric el- 
ement 20f in which the shape of a cavity portion 25 
viewed from above is rectangular; 
FIG. 8A is a top view showing a piezoelectric ele- 
ment 20g of a sixth embodiment of the present in- 
vention; 

FIG. 8B is a cross-sectional view taken along the 
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line B-B in FIG. 8A of the piezoelectric element 20g 
of the sixth embodiment; 

FIG. 8C is a plan view of an extracted portion of a 
lower electrode layer and its vicinity; 
FIG. 9 is a view for illustrating the effect of providing 5 
first and second relay electrodes 5a and 5b; 
FIG. 1 0A is a top view showing a piezoelectric ele- 
ment 20h of a variant example of the sixth embod- 
iment; 

FIG. 1 0B is a cross-sectional view taken along the 10 
line B-B in FIG. 10A of the piezoelectric element 
20h; 

FIG. 1 0C is a plan view of an extracted portion of a 

lower electrode layer and its vicinity; 

FIG. 1 1 A is a top view showing a piezoelectric ele- *5 

ment 20i of a seventh embodiment of the present 

invention; 

FIG. 11 B is a cross-sectional view taken along the 
line B-B in FIG. 11 A of the piezoelectric element 20i; 
FIG. 1 2A is a schematic top view of a piezoelectric 20 
element in which first to third bridging portions 2a, 
2b, and 2c are not arranged between a piezoelectric 
vibrating portion 1 and a first wiring electrode 3a, 
and are not arranged between the piezoelectric vi- 
brating portion 1 and a second wiring electrode 3b; 25 
FIG. 1 2B is a schematic top view of a piezoelectric 
element in which the second bridging portion 2b is 
provided between the piezoelectric vibrating portion 
1 and the first wiring electrode 3a, and the third 
bridging portion 2c is provided between the piezo- 30 
electric vibrating portion 1 and the second wiring 
electrode 3b; 

FIG. 1 3A is a top view showing a composite piezo- 
electric element 20j of an eighth embodiment of the 
present invention; 35 
FIG. 1 3B is a top view of a composite piezoelectric 
element as a comparative example for illustrating 
the effect of the composite piezoelectric element 
shown in FIG. 13A; 

FIG. 14 is a top view of a composite piezoelectric *o 
element constituted by integrating or coupling the 
first wiring electrodes 3a connected to an upper 
electrode layer; 

FIG. 15A is a cross-sectional view of a composite 
piezoelectric element in which a cavity portion is 45 
provided so as to be shared by two piezoelectric el- 
ements; 

FIG. 15B is a top view of a composite piezoelectric 
element in which a cavity portion is provided so as 
to be shared by two piezoelectric elements; so 
FIG. 1 6A is a top view showing a composite piezo- 
electric element 20m of a first example of a ninth 
embodiment of the present invention; 
FIG. 1 6B is a top view showing a composite piezo- 
electric element 20q of a second example of the 55 
ninth embodiment of the present invention; 
FIG. 1 7 is a view showing a variant example of the 
bridging portion; 



FIG. 18 is a view showing a variant example of the 
bridging portion; 

FIG. 19 is a view showing a variant example of the 
bridging portion; 

FIG. 20 is a view showing a variant example of the 
bridging portion; 

FIG. 21 is a view showing a variant example of the 
bridging portion; 

FIG. 22 is a view showing a variant example of the 
bridging portion; 

FIG. 23 is a cross-sectional view showing a mirror 
piezoelectric element of a tenth embodiment of the 
present invention; 

FIG. 24 is a diagram showing the configuration of a 
ladder filter 600 of an eleventh embodiment of the 
present invention; 

FIG. 25 is a diagram showing the configuration of 
an antenna duplexer 200 of a twelfth embodiment 
of the present invention; 

FIG. 26 is a diagram showing the configuration of 
communication equipment 411 of the twelfth em- 
bodiment of the present invention; 
FIG. 27A is a schematic cross-sectional view of a 
conventional piezoelectric element; 
FIG. 27B is an equivalent circuit diagram of the con- 
ventional piezoelectric element; 
FIG. 28A is a top view of a conventional piezoelec- 
tric element disclosed in International Publication 
No. 98/52280; 

FIG. 28B is a cross-sectional view taken along the 
line B-B of the conventional piezoelectric element 
shown in FIG. 28A; 

FIG. 29A is a top view of another conventional pie- 
zoelectric element disclosed in Japanese Laid- 
Open Patent Publication No.9-130199; and 
FIG. 29B is a cross-sectional view taken along the 
line B-B of the conventional piezoelectric element 
shown in FIG. 29A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] In the present invention, a piezoelectric vibrat- 
ing portion is supported above a cavity portion by at least 
two bridging portions with the substrate. These two or 
more supporting portions are formed so as not to be line- 
symmetric with respect to any line segment traversing 
the piezoelectric vibrating portion and/or so as not to be 
point-symmetric with respect to any point in the piezoe- 
lectric vibrating portion in the projection of the piezoe- 
lectric vibrating portion in the laminating direction. Thus, 
spurious responses caused by the supporting portions 
for supporting the piezoelectric vibrating portion with the 
substrate can be suppressed. Hereinafter, the features 
of the present invention will be described with reference 
of the accompanying drawings. In the drawings, por- 
tions bearing the same reference numeral are identical 
portions or have the same function. 
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(First Embodiment) 

[0049] FIG. 1 A is a top view of a piezoelectric element 
20 of a first embodiment of the present invention. FIG. 
1 B is a cross-sectional view taken along the line B-B in 
FIG. 1 A of the piezoelectric element 20 of the first em- 
bodiment. FIG. 1C is a plan view of an extracted portion 
of a lower electrode layer and its vicinity. 
[0050] In FIGS. 1A to 1C, the piezoelectric element 
20 includes a piezoelectric vibrating portion 1 , two bridg- 
ing portions 2 (2a, 2b), two wiring electrode portions 3 
(3a, 3b), and two terminal electrode portions 4 (4a, 4b). 
[0051] The piezoelectric vibrating portion 1 includes 
a lower electrode layer 24 laminated on a substrate 21 , 
a piezoelectric layer 22 laminated on the lower electrode 
layer 24, and an upper electrode layer 23 laminated on 
the piezoelectric layer 22. The piezoelectric vibrating 
portion 1 is provided above a cavity portion 25 formed 
on the surface of the substrate 21 . The material of the 
piezoelectric layer 22 is a suitable piezoelectric material 
such as zinc oxide (ZnO), lead zirconate titanate (PZT), 
or aluminum nitride (AJN) . The materials of the upper 
electrode layer 23 and the lower electrode layer 24 are 
suitable materials such as molybdenum (Mo), tungsten 
(W), aluminum (Al), titanium (Ti), cupper (Cu), platinum 
(Pt) or gold (Au). 

[0052] The two bridging portions 2 are a first bridging 
portion 2a and a second bridging portion 2b. In FIGS. 
1A to 1C, for convenience, the dotted lines indicating 
the bridging portions 2 do not completely coincide with 
the first bridging portion 2a or the second bridging por- 
tion 2b. In FIG. 1A, the first bridging portion 2a is the 
hatched portion indicated by reference numeral 2a (the 
same applies to the following). In FIG. 1 A, the second 
bridging portion 2b is the hatched portion indicated by 
reference numeral 2b (the same applies to the follow- 
ing). 

[0053] The two wiring electrode portions 3 are a first 

wiring electrode 3a and a second wiring electrode 3b 

including the lower electrode layer 24b. 

[0054] The two terminal electrode portions 4 are a first 

terminal electrode 4a and a second terminal electrode 

4b. 

[0055] The first and the second bridging portions 2a 
and 2b extend from a portion of the periphery of the pi- 
ezoelectric vibrating portion 1 . The first and the second 
bridging portions 2a and 2b support the piezoelectric vi- 
brating portion 1 above the cavity portion 25 in order to 
secure the piezoelectric vibrating portion to the sub- 
strate 21 . The first and the second bridging portions 2a 
and 2b are formed so as not to be line-symmetric with 
respect to any line segment traversing the piezoelectric 
vibrating portion 1 and/or so as not to be point-symmet- 
ric with respect to any point in the piezoelectric vibrating 
portion 1 in the projection of the piezoelectric vibrating 
portion 1 in the laminating direction. 
[0056] The first bridging portions 2a includes a portion 
23a that is a portion of the upper electrode layer 23 and 



extends from the periphery of the piezoelectric vibrating 
portion 1 and a portion 22a that is a portion of the pie- 
zoelectric layer 22 and extends from the periphery of the 
piezoelectric vibrating portion 1 . The extended portion 

5 22a of the piezoelectric layer 22 extends up to the pe- 
ripheral portion of the cavity portion 25. The extended 
portion 23a of the upper electrode layer 23 is connected 
to the first wiring electrode 3a that is formed on the por- 
tion 22a of the piezoelectric layer 22 extending to the 

10 peripheral portion of the cavity portion 25. The first wir- 
ing electrode 3a is connected to the first terminal elec- 
trode 4a. 

[0057] The second bridging portion 2b includes a por- 
tion 24a that is a portion of the lower electrode layer 24 

is and extends from the periphery of the piezoelectric vi- 
brating portion 1 and a portion 22b that is a portion of 
the piezoelectric layer 22 and extends from the periph- 
ery of the piezoelectric vibrating portion 1 . The extended 
portion 22b of the piezoelectric layer 22 extends up to 

20 the peripheral portion of the cavity portion 25. Further- 
more, the extended portion 24a of the lower electrode 
layer 24 extends up to the peripheral portion of the cavity 
portion 25. The extended portion 24b of the lower elec- 
trode layer 24 extending to the peripheral portion of the 

25 cavity portion 25 becomes the second wiring electrode 
3b. The second wiring electrode 3b is connected to the 
second terminal electrode 4b. The upper electrode layer 
23 extends so as to overlap with the extended portion 
24a of the lower electrode layer 24 and the further ex- 

30 tended portion 24b. 

[0058] Thus, the first and the second bridging portions 
2a and 2b have a multilayered structure. Therefore, the 
mechanical strength for supporting the piezoelectric vi- 
brating portion 1 is increased. 

35 [0059] The equivalent circuit diagram of a piezoelec- 
tric element of this embodiment corresponds to that of 
FIG. 26B. However, the upper electrode layer 23 is 
formed above the extended portion 24a of the lower 
electrode layer 24 and the further extended portion 24b 

40 so that the piezoelectric layer 22 is sandwiched. There- 
fore, a new capacitor is formed in these extended por- 
tions 24a and 24b. Thus, the capacitance of the piezo- 
electric element 20 can be adjusted by adjusting the ca- 
pacitance of the new capacitor. 

45 [0060] Next, a method for producing the piezoelectric 
element 20 of the first embodiment will be described be- 
low. First, the cavity portion 25 is formed in the surface 
of the substrate 21. Then, a sacrificial layer is filled in 
the cavity portion 25 with, for example, PSG or Si0 2 . 

50 Then, the lower electrode layer 24, the piezoelectric lay- 
er 22, the upper electrode layer 23 and the terminal elec- 
trodes are laminated on the cavity portion 25 that is f illed 
with the sacrificial layer. Thereafter, the sacrificial layer 
is removed by etching with, for example, a hydrogen flu- 
55 oride aqueous solution. Thus, the piezoelectric element 
20 is formed. 

[0061] In the piezoelectric element 20 of the first em- 
bodiment, the piezoelectric vibrating portion 1 is provid- 
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ed above the cavity portion 25 and is supported at two 
portions by the first and the second bridging portions 2a 
and 2b with the substrate 21 . Therefore, the piezoelec- 
tric vibrating portion 1 vibrates substantially in a manner 
close to free vibration, so that the effective electrome- 
chanical coupling factor is increased. As a result, elec- 
trical energy applied between the electrodes of the pie- 
zoelectric element 20 is converted into mechanical en- 
ergy more efficiently than before. 
[0062] In the piezoelectric element 20 of the first em- 
bodiment, the first and the second bridging portions 2a 
and 2b supporting the piezoelectric vibrating portion 1 
are formed so as not to be line-symmetric with respect 
to any line segment traversing the piezoelectric vibrating 
portion 1 and/or so as not to be point-symmetric with 
respect to any point in the piezoelectric vibrating portion 
1 in the projection of the piezoelectric vibrating portion 
1 in the laminating direction. Therefore, the piezoelectric 
vibrating portion 1 is hardly twisted. Furthermore, in the 
piezoelectric vibrating portion 1 , hardly any vibrations 
occur in the lateral direction. Therefore, in the piezoe- 
lectric element 20 of the first embodiment, there is hardly 
any source for spurious responses. Therefore, in the pi- 
ezoelectric element 20 of the first embodiment, spurious 
responses caused by the symmetry of the supporting 
portions can be further suppressed than the convention- 
al piezoelectric element. As a result, the piezoelectric 
element of the first embodiment serves as a resonator 
having good frequency characteristics that can attenu- 
ate unwanted vibration modes. 

[0063] It should be noted that in the first embodiment, 
the cavity portion 25 is formed only on the surface of the 
substrate 21 , but the present invention is not limited 
thereto, as long as the cavity portion is formed. For ex- 
ample, a cavity portion can be formed by penetrating a 
substrate vertically, or by forming a cavity portion-form- 
ing layer on a substrate. 

[0064] FIG. 2 A is a top view of a piezoelectric element 
20a when a cavity portion is formed so as to penetrate 
a substrate vertically. FIG. 2B is a cross-sectional view 
taken along the line B-B in FIG. 2A of the piezoelectric 
element 20a when a cavity portion is formed so as to 
penetrate a substrate vertically. As shown in FIGS. 2A 
and 2B, a cavity portion 25 can be formed by penetrating 
a substrate 21 vertically. A method of producing this cav- 
ity portion is as follows. First, a lower electrode layer 24, 
a piezoelectric layer 22, an upper electrode layer 23, 
and wiring electrode portions 4 are formed on the sub- 
strate 21 . Then, the bottom portion of the substrate 21 
is removed so that the cavity portion 25 is formed. 
[0065] FIG. 3A is a top view of a piezoelectric element 
20b when a cavity portion is formed by forming a cavity 
portion-forming layer on a substrate. FIG. 3B is an end 
view taken along the line B-B in FIG. 3A of the piezoe- 
lectric element 20b when a cavity portion is formed by 
forming a cavity portion-forming layer on a substrate. As 
shown in FIGS. 3A and 3B, a cavity portion 25 can be 
formed by forming the cavity portion-forming layer 10. 
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The cavity portion-forming layer 10 is formed of a die- 
lectric thin film such as silicon oxide or silicon nitride. 
Furthermore, the cavity portion-forming layer 1 0 may be 
a multilayered film made of a conductor such as metal, 

5 as long as the surface of the cavity portion-forming layer 
that is contact with the resonator portion is dielectric. A 
method of producing the cavity portion is as follows. 
First, a cavity portion -forming layer 10 is provided on a 
substrate 21 . Then, a cavity portion 25 is formed by ver- 

10 tically penetrating the cavity portion-forming layer 10. 
Then, a sacrificial layer (e.g., PSG or Si0 2 ) is filled in 
the cavity portion 25. Then, a lower electrode layer 24, 
a piezoelectric layer 22, an upper electrode layer 23 and 
wiring electrode portions 4 are formed on the cavity por- 

*5 tion 25 that is filled with the sacrificial layer. Finally, the 
sacrificial layer is removed by etching from the opening 
portion of the cavity portion 25. 

(Second Embodiment) 

20 

[0066] FIG. 4A is a top view of a piezoelectric element 
20c of a second embodiment of the present invention. 
FIG. 4B is a view showing a first example of the cross- 
section taken along the line X-X in FIG. 4A of the piezo- 

25 electric element 20c of the second embodiment. FIG. 
4C is a view showing a second example of the cross- 
section taken along the line X-X in FIG. 4A of the piezo- 
electric element 20c of the second embodiment. FIG. 
4D is a view showing a third example of the cross-sec- 

30 tion taken along the line X-X in FIG. 4A of the piezoe- 
lectric element 20c of the second embodiment. 
[0067] As shown in FIG. 4B, in the first example, the 
piezoelectric element 20c is provided additionally with 
a dielectric layer 7a between the lower electrode layer 

35 24 and the substrate 21. When the substrate 21 is a 
semiconductor such as a silicon substrate, the dielectric 
layer 7a functions as an insulating substrate. Since the 
dielectric layer 7a is added to the components constitut- 
ing the first and the second bridging portions 2a and 2b 

40 by providing the dielectric layer 7a, the mechanical 
strength of the first and the second bridging portions 2a 
and 2b is increased. 

[0068] As shown in FIG. 4C, in the second example, 
the piezoelectric element 20c is further provided addi- 

45 tionally with a dielectric layer 7b between the lower elec- 
trode layer 24 and the piezoelectric layer 22. In the struc- 
ture in which the piezoelectric layer 22 and the lower 
electrode layer 24 are in direct contact with each other, 
the adhesive strength between the piezoelectric layer 

50 22 and the lower electrode layer 24 is weak, and there- 
fore the structure lacks reliability. However, when the di- 
electric layer 7b is interposed between the piezoelectric 
layer 22 and the lower electrode layer 24, as in the sec- 
ond example, then the adhesive strength is increased 

55 and the reliability of the structure is improved. Further- 
more, the resonant frequency of the piezoelectric layer 
22 itself changes significantly with respect to tempera- 
ture changes. In other words, the piezoelectric layer has 
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a large temperature coefficient with respect to temper- 
ature changes. However, when the dielectric layer 7b is 
formed of Si0 2 , the elastic constant can be compensat- 
ed with respect to temperature changes. Therefore, the 
change in the resonant frequency with respect to tem- 
perature changes is reduced. Furthermore, the dielec- 
tric layer 7b is added to the second bridging portion 2b 
as a component constituting the second bridging portion 
2b. Therefore, the mechanical strength of the second 
bridging portion 2b is further increased. Furthermore, 
when the dielectric layer 7b is interposed between the 
piezoelectric layer 22 and the lower electrode layer 24, 
the effect of further reducing spurious responses can be 
also obtained. 

[0069] As shown in FIG. 4D, in the third example, the 
piezoelectric element 20c is further provided additional- 
ly with a dielectric layer 7c between the upper electrode 
layer 23 and the piezoelectric layer 22. In a structure in 
which the piezoelectric layer 22 and the upper electrode 
layer 23 are in direct contact with each other, the adhe- 
sive strength between the piezoelectric layer 22 and the 
upper electrode layer 23 is weak, and therefore the 
structure lacks reliability. However, when the dielectric 
layer 7c is interposed between the piezoelectric layer 
22 and the upper electrode layer 23, as in the third ex- 
ample, then the adhesive strength is increased and the 
reliability of the structure is improved. Furthermore, the 
resonant frequency of the piezoelectric layer 22 itself 
changes significantly with respect to temperature 
changes. In other words, the piezoelectric layer has a 
large temperature coefficient with respect to tempera- 
ture changes. However, when the dielectric layer 7c is 
formed of Si0 2 , the elastic constant can be compensat- 
ed with respect to temperature changes. Therefore, the 
change in the resonant frequency with respect to tem- 
perature changes is reduced. Furthermore, the dielec- 
tric layer 7c is added to the first bridging portion 2a as 
a component constituting the first bridging portion 2a. 
Therefore, the mechanical strength of the first bridging 
portion 2a is further increased. Furthermore, when the 
dielectric layer 7c is interposed between the piezoelec- 
tric layer 22 and the upper electrode layer 23, the effect 
of further reducing spurious responses can be also ob- 
tained. 

[0070] In the second embodiment, although it is most 
effective to provide ail of the dielectric layers 7a, 7b, and 
7c that are shown in the first to third examples, a certain 
effect can be obtained by provided at least one layer in 
the piezoelectric element. That is to say, the bridging 
portion may be formed by extending at least one layer 
selected from a group consisting of the lower electrode 
layer, the piezoelectric layer, the upper electrode layer 
and the dielectric layer. 

[0071] As shown in the first and the second embodi- 
ments, it is sufficient that the piezoelectric layer is pro- 
vided on or above the lower electrode layer. Further- 
more, it is sufficient that the upper electrode layer is pro- 
vided on or above the piezoelectric layer. 



(Third Embodiment) 

[0072] The third embodiment of the present invention 
is a variant example of the first embodiment of the 
5 present invention. 

[0073] FIG. 5A is a view showing a first example of 
the cross-section of the piezoelectric element 20d of the 
third embodiment. In the first embodiment, as shown in 
FIG. 1 B, the lower electrode layer 24 does not straddle 
10 the cavity portion 25. On the other hand, in the first ex- 
ample of the third embodiment, as shown in FIG. 5A, 
the lower electrode layer 24 includes a portion 24c. In 
other words, the lower electrode layer 24 is formed so 
as to straddle the cavity portion 25. With this configura- 
15 tion, the mechanical strength of the first bridging portion 
2a can be increased. In addition, the capacitance of the 
capacitor can be adjusted by extending the lower elec- 
trode layer 24 to increase the area in which the upper 
electrode layer 23 opposes the lower electrode layer 24. 
20 [0074] FIG. 5B is a view showing a second example 
of the cross-section of the piezoelectric element 20d of 
the third embodiment. As shown in FIG. 5B, the upper 
electrode layer 23 does not have to extend up to a por- 
tion above the portion 22c of the piezoelectric layer 22 
25 that extends up to the periphery of the cavity portion 25. 
By making the upper electrode layer 23 short in this 
manner, the area in which the upper electrode layer 23 
opposes the lower electrode layer 24 can be adjusted, 
and the capacitance of the capacitor can be adjusted. 
30 [0075] FIG. 5C is a view showing a third example of 
the cross-section of the piezoelectric element 20d of the 
third embodiment. As shown in FIG. 5C, the piezoelec- 
tric layer 22 does not have to extend up to the periphery 
of the cavity portion 25. 
35 [0076] FIG. 5D is a view showing a fourth example of 
the cross-section of the piezoelectric element 20d of the 
third embodiment. As shown in FIG. 5D, the upper elec- 
trode layer 23 does not have to extend up to the second 
bridging portion 2b. In other words, the second bridging 
40 portion 2b can be formed only with the extended portion 
22b of the piezoelectric layer 22 and the extended por- 
tion 24a of the lower electrode layer 24. 
[0077] FIG. 5E is a view showing a fifth example of 
the cross-section of the piezoelectric element 20d of the 
45 third embodiment. As shown in FIG. 5E, the upper elec- 
trode layer 23 and the piezoelectric layer 22 do not have 
to extend up to the second bridging portion 2b. In other 
words, the second bridging portion 2b can be formed 
only with the extended portion 24a of the lower electrode 
50 layer 24. 

[0078] In this manner, at least one layer selected from 
a group consisting of the lower electrode layer, the pie- 
zoelectric layer, and the upper electrode layer is formed 
so as to extend up to at least a portion of the periphery 
55 of the cavity portion, so that the mechanical strength and 
the capacitance can be adjusted. 
[0079] In FIGS. 5B, 5C, 5D and 5E, the lower elec- 
trode layer 24 may be formed so as to straddle the cavity 
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portion 25, as shown in FIG. 5A. 
(Fourth Embodiment) 

[0080] The fourth embodiment of the present inven- 
tion is a variant example of the second embodiment of 
the present invention. 

[0081] FIG. 6A is a view showing a first example of 
the cross-section of the piezoelectric element 20e of the 
fourth embodiment. In the second embodiment, as 
shown in FIG. 4B : the lower electrode Iayer24 does not 
straddle the cavity portion 25. On the other hand, in the 
first example of the fourth embodiment, as shown in FIG. 
6A, the lower electrode layer 24 includes a portion 24c. 
In other words, the lower electrode layer 24 is formed 
so as to straddle the cavity portion 25. With this config- 
uration, the mechanical strength of the first bridging por- 
tion 2a can be increased. 

[0082] FIG. 6B is a view showing a second example 
of the cross-section of the piezoelectric element 20e of 
the fourth embodiment. As shown in FIG. 6B, the upper 
electrode layer 23 does not have to extend up to a por- 
tion above the portion 22c of the piezoelectric layer 22 
that extends up to the periphery of the cavity portion 25. 
By making the upper electrode layer 23 short in this 
manner, the area in which the upper electrode layer 23 
opposes the lower electrode layer 24 can be adjusted, 
and the capacitance of the capacitor can be adjusted 
precisely. 

[0083] FIG. 6C is a view showing a third example of 
the cross-section of the piezoelectric element 20e of the 
fourth embodiment. As shown in FIG. 6C, the piezoe- 
lectric layer 22 does not have to extend up to the periph- 
ery of the cavity portion 25, 

[0084] FIG. 6D is a view showing a fourth example of 
the cross-section of the piezoelectric element 20e of the 
fourth embodiment. As shown in FIG. 6D, the upper 
electrode layer 23 does not have to extend up to the 
second bridging portion 2b. In other words, the second 
bridging portion 2b can be formed only with the extend- 
ed portion 22b of the piezoelectric layer 22 and the ex- 
tended portion 24a of the lower electrode layer 24. 
[0085] FIG. 6E is a view showing a fifth example of 
the cross-section of the piezoelectric element 20e of the 
fourth embodiment. As shown in FIG. 6E, the upper 
electrode layer 23 and the piezoelectric layer 22 do not 
have to extend up to the second bridging portion 2b. In 
other words, the second bridging portion 2b can be 
formed only with the extended portion 24a of the lower 
electrode layer 24. 

[0086] In this manner, at least one layer selected from 
a group consisting of the lower electrode layer, the pie- 
zoelectric layer, the upper electrode layer and the die- 
lectric layer is formed so as to extend up to at least a 
portion of the periphery of the cavity portion, so that the 
mechanical strength and the capacitance can be adjust- 
ed. 

[0087] In FIGS. 6B, 6C, 6D and 6E, the lower elec- 



trode layer 24 may be formed so as to straddle the cavity 
portion 25, as shown in FIG. 6A. 

(Fifth Embodiment) 

5 

[0088] The fifth embodiment of the present invention 
shows variant examples in which the shape of the pie- 
zoelectric vibrating portion in the first embodiment of the 
present invention is variously modified. 

10 [0089] FIG. 7 A is a top view showing a piezoelectric 
element 20f in which the piezoelectric vibrating portion 
1 is rectangular. As shown in FIG. 7A, the piezoelectric 
vibrating portion 1 does not have to be circular, but may 
be rectangular. The piezoelectric element 20f with this 

15 feature also can provide the same effect as in the first 
embodiment. 

[0090] FIG. 7B is a top view showing the piezoelectric 
element 20f in which the piezoelectric vibrating portion 
1 is an inequilateral nonparallel polygon. As shown in 

20 FIG. 7B, the piezoelectric vibrating portion 1 may be an 
inequilateral nonparallel polygon having a plurality of 
sides that are not equal to each other and are not parallel 
to each other. The piezoelectric element 20f with this 
feature also can provide the same effect as in the first 

25 embodiment. 

[0091] In the piezoelectric element 20 of the first em- 
bodiment, the shape of the cavity portion 25 viewedf rom 
above is circular, but the present invention is not limited 
thereto. FIG. 7C is atop view showing the piezoelectric 

30 element 20f in which the shape of a cavity portion 25 
viewed from above is rectangular. As shown in FIG. 7C, 
the shape of a cavity portion 25 viewed from above may 
be rectangular. Furthermore, the shape of a cavity por- 
tion 25 may be an inequilateral nonparallel polygon, in- 

35 stead of being circular or rectangular 

(Sixth Embodiment) 

[0092] FIG. 8A is a top view showing a piezoelectric 
40 element 20g of a sixth embodiment of the present in- 
vention. FIG. 8B is a cross-sectional view taken along 
the line B-B in FIG. 8A of the piezoelectric element 20g 
of the sixth embodiment. FIG. 8C is a plan view of an 
extracted portion of a lower electrode layer and its vicin- 
45 jty. 

[0093] As shown in FIGS. 8A, 8B and 8C, in the sixth 
embodiment, the piezoelectric element 20g includes 
first, second and third bridging portions 2a, 2b and 2c. 
The first, second and third bridging portions 2a, 2b and 

50 2c are formed so as not to be line-symmetric with re- 
spect to any line segment traversing the piezoelectric 
vibrating portion 1 and/or so as not to be point-symmet- 
ric with respect to any point in the piezoelectric vibrating 
portion 1 in the projection of the piezoelectric vibrating 

55 portion 1 in the laminating direction. Therefore, spurious 
responses caused by symmetry of the supporting por- 
tions can be suppressed. 

[0094] Of the first, second and third bridging portions 
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2a, 2b and 2c, for example, the second bridging portion 
2b includes an extended portion 23a of the upper elec- 
trode layer 23. The third bridging portion 2c includes an 
extended portion 24a of the lower electrode layer 24. A 
first wiring electrode 3a is provided on the end portion 
of the piezoelectric layer 22. One end of the first wiring 
electrode 3a is connected to a first terminal electrode 
4a for receiving and sending electrical signals to the up- 
per electrode layer 23. A second wiring electrode 3b is 
provided on the substrate 21. One end of the second 
wiring electrode 3b is connected to a second terminal 
electrode (not shown) for receiving and sending electri- 
cal signals to the lower electrode layer 24. 
[0095] The piezoelectric element 20g further includes 
a first relay electrode 5a electrically connected to the 
upper electrode layer 23 extending up to the periphery 
of the cavity portion 25 via the first, second and third 
bridging portions 2a, 2b and 2c. The first relay electrode 
5a is formed with a portion 23b further extended from 
the extended portion 23a of the upper electrode layer 
23. The side face on the interna! side of the first relay 
electrode 5a is electrically connected to the extended 
portion 23a of the upper electrode layer 23. The side 
face on the external side of the first relay electrode 5a 
is electrically connected to the other end of the first wir- 
ing electrode 3a. The first relay electrode 5a is provided 
in a ring-shape along the periphery of the cavity portion 
25 so that the above-described connection relationship 
can be obtained. The first relay electrode 5a (23b) 
serves to relay electrical signals applied from the first 
wiring electrode 3a to the upper electrode layer 23 via 
the extended portion 23a of the upper electrode layer 
23. 

[0096] The piezoelectric element 20g further includes 
a second relay electrode 5b electrically connected to the 
lower electrode layer 24 extending up to the periphery 
of the cavity portion 25 via the first, second and third 
bridging portions 2a, 2b and 2c. The second relay elec- 
trode 5b is formed in a ring-shape along the periphery 
of the cavity portion 25 : overlapping with the first relay 
electrode 5a below the first relay electrode 5a in the pro- 
jection of the piezoelectric vibrating portion 1 in the lam- 
inating direction. The second relay electrode 5b is 
formed with a portion 24b further extended from the ex- 
tended portions 24a of the lower electrode layer 24. The 
side face on the interna! side of the second relay elec- 
trode 5b (24b) is electrically connected to the extended 
portions 24a of the lower electrode layer 24. The side 
face on the external side of the second relay electrode 
5b (24b) is electrically connected to the other end of the 
second wiring electrode 3b. Thus : the second relay elec- 
trode 5b (24b) serves to relay electrical signals applied 
from the second wiring electrode 3b to the lower elec- 
trode layer 24 via the extended portions 24a of the lower 
electrode layer 24. 

[0097] FIG. 9 is a view for illustrating the effect of pro- 
viding the first and second relay electrodes 5a and 5b. 
By providing the first and second relay electrodes 5 (5a 



and 5b), the effect that an input voltage 39 can be ap- 
plied uniformly to the piezoelectric vibrating portion 1 via 
the three bridging portions 2a, 2b and 2c that are ar- 
ranged around the piezoelectric vibrating portion 1 , as 

5 shown in FIG. 9, can be provided. 

[0098] In the piezoelectric element 20g of the sixth 
embodiment, as shown in FIG. 8B, the first, second and 
third bridging portions 2a, 2b and 2c are formed with the 
extended portions 23a and 23b of the upper electrode 

10 layer 23 and the extended portions 24a of the lower elec- 
trode layer 24 that overlap with each other in the vertical 
direction, with the extended portion 22a and 22b of the 
piezoelectric layer 22 interposed therebetween, respec- 
tively. These portions form new capacitors. 

is [0099] Furthermore, the first relay electrode 5a and 
the second relay electrode 5b are formed, overlapping 
with each other in the vertical direction with the extended 
portion 22c of the piezoelectric layer 22 interposed ther- 
ebetween. Therefore, these portions also form a new 

20 capacitor. 

[0100] The equivalent circuit diagram of a piezoelec- 
tric element of the sixth embodiment basically corre- 
sponds to that of FIG. 26B. However, the capacitance 
of these newly formed capacitors can be adjusted by 

25 adjusting the degree of the overlapping of the upper 
electrode layer and the lower electrode layer or the de- 
gree of the overlapping of the f irst and the second relay 
electrodes. Thus, a new effect that the capacitance of 
the piezoelectric element can be adjusted can be also 

30 provided. 

[0101] In the sixth embodiment, the shape of the first 
and the second relay electrodes 5a and 5b viewed from 
above is a circle, which corresponds to the shape of the 
piezoelectric vibrating portion 1 , but the shape of the first 

35 relay electrode 5a and the second relay electrode 5b is 
not limited thereto. The shape of thefirst relay electrode 
5a and the second relay electrode 5b is not limited by 
the shape of the piezoelectric vibrating portion, but can 
be any other shape as desired, such as a rectangle. 

40 [01 02] FIG. 1 0A is a top view showing a piezoelectric 
element 20h of a variant example of the sixth embodi- 
ment. FIG. 1 0B is a cross-sectional view taken along the 
line B-B in FIG. 10A of the piezoelectric element 20h. 
FIG. 1 0C is a plan view of an extracted portion of a lower 

45 electrode layer and its vicinity. 

[0103] In the sixth embodiment, both of the first and 
the second relay electrodes 5a and 5b have a complete 
ring-shape, but the present invention is not limited there- 
to. As shown in FIGS. 10A, 10B and 10C : the first relay 

50 electrode 5a may have a notched portion, as long as the 
first relay electrode is electrically connected to the upper 
electrode layer 23 extending up to the peripheral portion 
of the cavity portion 25 via the first, second and third 
bridging portions 2a, 2b and 2c. Similarly, the second 

55 relay electrode 5b may have a notched portion, as long 
as the second relay electrode is electrically connected 
to the lower electrode layer 24 extending up to the pe- 
ripheral portion of the cavity portion 25 via the first, sec- 
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ond and third bridging portions 2a : 2b and 2c. Thus, 
even if the first and the second relay electrodes 5a and 
5b are not complete ring-shaped, the same effect can 
be obtained. 

[0104] Furthermore, other than a ring-shape, polygo- 
nal frame-shapes such as rectangular frame-shapes or 
frame-shapes with a free curve can be used. 
[0105] In the above variant example, both of the first 
and the second relay electrodes 5a and 5b have a 
notched portion. However, one may be completely ring- 
shaped . The notched portions of the first and the second 
relay electrodes 5a and 5b are not necessarily of the 
same shape. 

[0106] In the above variant example, the notched por- 
tion of the first relay electrode 5a overlaps with the 
notched portion of the second relay electrode 5b in the 
vertical direction. However, the positions of the notched 
portions may be displaced. 

(Seventh Embodiment) 

[0107] FIG. 11 A is a top view showing a piezoelectric 
element 20i of a seventh embodiment of the present in- 
vention. FIG. 11 B is a cross-sectional view taken along 
the line B-B in FIG. 1 1 A of the piezoelectric element 20i. 
The piezoelectric element 20i of the seventh embodi- 
ment is the same as the piezoelectric element 20g of 
the sixth embodiment except for the following points. 
[0108] As shown in FIG. 11 A, the first wiring electrode 
3a is provided such that three centra! lines OMa, OMb 
and OMc connecting the center O of the piezoelectric 
vibrating portion 1 and the centers of the first, second 
and third bridging portions 2a, 2b and 2c do not overlap 
with the central line ON1 connecting the center O of the 
piezoelectric vibrating portion 1 and the center of the 
first wiring electrode 3a in the projection of the piezoe- 
lectric vibrating portion 1 in the laminating direction. The 
second wiring electrode 3b is provided such that the 
central lines OMa, OMb and OMc connecting the center 
O of the piezoelectric vibrating portion 1 and the centers 
of the first, second and third bridging portions 2a, 2b and 
2c do not overlap with the central line ON2 connecting 
the center O of the piezoelectric vibrating portion 1 and 
the center of the second wiring electrode 3b in the pro- 
jection of the piezoelectric vibrating portion 1 in the lam- 
inating direction. This embodiment is different from the 
sixth embodiment in these two points. 
[0109] Preferably, the first, second and third bridging 
portions 2a, 2b and 2c are not arranged between the 
piezoelectric vibrating portion 1 and the first wiring elec- 
trode 3a, and are not arranged between the piezoelec- 
tric vibrating portion 1 and the second wiring electrode 
3b. 

[0110] FIG. 12A is a schematic top view of a piezoe- 
lectric element in which the first to third bridging portions 
2a, 2b, and 2c are not arranged between the piezoelec- 
tric vibrating portion 1 and the first wiring electrode 3a, 
and are not arranged between the piezoelectric vibrat- 
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ing portion 1 and the second wiring electrode 3b. 
[0111] When the first, second and third bridging por- 
tions 2a, 2b and 2c are arranged in the manner shown 
in FIG. 1 2A, the input voltage 39 of high power does not 
5 enter the piezoelectric vibrating portion 1 from the first 
wiring electrode 3a at onetime. Thus, the breakdown of 
the piezoelectric element can be prevented. As a result, 
the rated power of the piezoelectric element can be in- 
creased. 

10 [01 12] FIG. 1 2B is a schematic top view of a piezoe- 
lectric element in which the second bridging portion 2b 
is provided between the piezoelectric vibrating portion 
1 and the first wiring electrode 3a, and the third bridging 
portion 2c is provided between the piezoelectric vibrat- 

15 ing portion 1 and the second wiring electrode 3b. As 
shown in FIG. 12B, when the first wiring electrode 3a is 
provided such that the central line OMb connecting the 
center O of the piezoelectric vibrating portion 1 and the 
center of the second bridging portions 2b is overlapped 

20 with the central line ON1 connecting the center O of the 
piezoelectric vibrating portion 1 and the center of the 
first wiring electrode 3a, and the second wiring electrode 
3b is provided such that the central line OMc connecting 
the center O of the piezoelectric vibrating portion 1 and 

25 the center of the bridging portion 2c is overlapped with 
the central line ON2 connecting the center O of the pi- 
ezoelectric vibrating portion 1 and the center of the sec- 
ond wiring electrode 3b, then the input voltage 39 of high 
power enters the piezoelectric vibrating portion 1 from 

30 the first and the second wiring electrodes 3a and 3b at 
one time. Thus, breakdown of the piezoelectric element 
may occur. 

[0113] Thus, in the seventh embodiment, breakdown 
of the piezoelectric element can be prevented. 

35 

(Eight Embodiment) 

[0114] FIG. 13A is a top view showing a composite 
piezoelectric element 20j of an eighth embodiment of 

40 the present invention. The composite piezoelectric ele- 
ment 20j of the eighth embodiment is a filter. The com- 
posite piezoelectric element 20j includes at least two pi- 
ezoelectric elements 20k and 201 that have different 
resonant frequencies or the same resonant frequency. 

45 The piezoelectric elements 20k and 201 are connected 
by integrating or coupling the respective wiring elec- 
trodes 3b so that the respective lower electrode layers 
are electrically connected. The piezoelectric elements 
20k and 201 are piezoelectric elements, for example, as 

50 shown in FIGS. 8A or 11 A. The configurations of the pi- 
ezoelectric elements 20k and 201 already have been 
described with reference to FIGS. 8A and 11 A and 
therefore will not be further described. 
[0115] In the piezoelectric element 20j of the eighth 

55 embodiment, each of the piezoelectric vibrating portions 
1 is provided above a cavity portion 25. Each of the pi- 
ezoelectric vibrating portions 1 is supported at three por- 
tions by a first, second the third bridging portion 2a, 2b 
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and 2c with the substrate 21 . Therefore, each of the pi- 
ezoelectric vibrating portions 1 vibrates in a manner 
close to free vibration. Thus, the effective electrome- 
chanical coupling factor is increased. 
[01 1 6] The first second andthird bridging portions 2a, 
2b and 2c are formed so as not to be line-symmetric with 
respect to any line segment traversing the piezoelectric 
vibrating portion 1 and/or so as not to be point-symmet- 
ric with respect to any point in the piezoelectric vibrating 
portion 1 in the projection of the piezoelectric vibrating 
portion 1 in the laminating direction. Therefore, spurious 
responses caused by the symmetry of the supporting 
portions can be suppressed. 

[0117] In the piezoelectric elements 20k and 201 , the 
first and the second wiring electrodes 3a and 3b are pro- 
vided such that three central lines OMa, OMb and OMc 
connecting the center O of the piezoelectric vibrating 
portion 1 and the centers of the bridging portions 2a, 2b 
and 2c do not overlap with the central lines ON1 and 
ON2 connecting the center O of the piezoelectric vibrat- 
ing portion 1 and the centers of the first and the second 
wiring electrodes 3a and 3b in the projection of the pie- 
zoelectric vibrating portion 1 in the laminating direction. 
Therefore, a vibration 43 that has leaked from the pie- 
zoelectric vibrating portion 1 does not propagate to the 
neighboring piezoelectric vibrating portion 1 . Therefore, 
spurious responses caused by the propagation of the 
vibration 43 leaking from the adjacent piezoelectric ele- 
ment cannot be generated. As a result, the composite 
piezoelectric element of the eighth embodiment has no 
interference of unwanted vibrations propagating in the 
laterally propagating acoustic wave mode, and consti- 
tutes a filter having good frequency characteristics. 
[01 18] FIG. 1 3B is a top view of a composite piezoe- 
lectric element as a comparative example for illustrating 
the effect of the composite piezoelectric element shown 
in FIG. 13A. As shown in FIG. 13B, the second wiring 
electrode 3b is provided such that the central line OMc 
connecting the center O of the piezoelectric vibrating 
portion 1 and the center of the third bridging portion 2c 
is overlapped with the central line ON2 connecting the 
center of the piezoelectric vibrating portion 1 and the 
center of the second wiring electrode 3b in the projection 
of the piezoelectric vibrating portion 1 in the laminating 
direction. With this arrangement, the vibration 43 that 
has leaked from the piezoelectric vibrating portion 1 of 
the piezoelectric element 20k propagates to the piezo- 
electric vibrating portion 1 of the neighboring piezoelec- 
tric element 201 . In this case, unwanted vibration modes 
interfere with each other between the adjacent resona- 
tors, and spurious responses occur. In the composite 
piezoelectric element shown in FIG. 13A, such a prob- 
lem is overcome. 

[0119] However, even in the composite piezoelectric 
element having an arrangement as shown in FIG. 13B, 
if the resonant frequency of the piezoelectric element 
20k is equal to the resonant frequency of the piezoelec- 
tric element 201 , and the phases thereof are opposite, 



then unwanted vibrations propagating in the laterally 
propagating acoustic wave mode are cancelled each 
other. Therefore, spurious responses are suppressed 
so that the composite piezoelectric element as shown 

5 in FIG. 13B is also effective. 

[0120] It should be noted that in the eighth embodi- 
ment, the composite piezoelectric element is constituted 
by connecting the piezoelectric elements 20k and 201 
by integrating or coupling the second wiring electrodes 

10 3b connected to the lower electrode layers. However, 
the present invention is not limited thereto. FIG. 14 is a 
top view of a composite piezoelectric element constitut- 
ed by integrating or coupling the first wiring electrodes 
3a connected to the upper electrode layer. As shown in 

15 FIG. 14, the piezoelectric elements 20k and 201 maybe 
electrically connected by integrating or coupling the wir- . 
ing electrodes 3a electrically connected to the upper 
electrode layer via the relay electrodes 5a. 
[0121] In the eighth embodiment, the cavity portion 

20 constituting the composite piezoelectric element is pro- 
vided for every piezoelectric element. However, the cav- 
ity portion can be provided so as to be shared by the 
piezoelectric elements. FIG. 15A is a cross-sectional 
view of a composite piezoelectric element in which a 

25 cavity portion to be shared by the piezoelectric elements 
is provided. FIG. 15B is a top view of a composite pie- 
zoelectric element in which a cavity portion to be shared 
by two piezoelectric elements is provided. As shown in 
FIGS. 15A and 15B, a cavity portion 25a to be shared 

30 by the piezoelectric elements 20k and 201 can be pro- 
vided. 

[0122] In the eighth embodiment, the composite pie- 
zoelectric element is constituted by two piezoelectric el- 
ements, but can be constituted by at least three piezo- 
35 electric elements. When a cavity portion to be shared is 
provided, a cavity portion can be shared by all the pie- 
zoelectric elements, or can be shared by a part of the 
piezoelectric elements. 

[0123] In the eighth embodiment, it is sufficient that 
40 any one of the piezoelectric elements is the piezoelectric 
element of the present invention. 

(Ninth Embodiment) 

45 [0124] In the eighth embodiment, a composite piezo- 
electric element is constituted by using piezoelectric el- 
ements having ring-shaped relay electrodes. However, 
the present invention is not limited thereto. In the ninth 
embodiment, a composite piezoelectric element may be 

50 constituted by using the piezoelectric element of the first 
embodiment, which has no relay electrode. 
[0125] FIG. 16A is a top view showing a composite 
piezoelectric element 20m of a first example of the ninth 
embodiment of the present invention. The composite pi- 

55 ezoelectric element 20m is a filter. The composite pie- 
zoelectric element 20m includes at least two piezoelec- 
tric elements 20n and 20p that have different resonant 
frequencies or the same resonant frequency. The pie- 
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zoelectric elements 20n and 20p are connected by in- 
tegrating or coupling the respective second wiring elec- 
trodes 3b electrically connect to the lower electrode lay- 
ers. 

[0126] FIG. 16B is a top view showing a composite 
piezoelectric element 20q of a second example of the 
ninth embodiment of the present invention. The com- 
posite piezoelectric element 20q is a filter. The compos- 
ite piezoelectric element 20q includes at least two pie- 
zoelectric elements 20r and 20s that have different res- 
onant frequencies orthe same resonant frequency. The 
piezoelectric elements 20r and 20s are connected by 
integrating or coupling the respective first wiring elec- 
trodes 3a electrically connect to the upper electrode lay- 
ers. 

[0127] In both of the composite piezoelectric ele- 
ments shown in FIGS. 16A and 16B, piezoelectric ele- 
ments in which spurious response are suppressed are 
used, so that filters having good filter characteristics can 
be obtained. 

[0128] In the ninth embodiment, a filter is formed by 
using a piezoelectric element having a piezoelectric vi- 
brating portion whose shape viewed from above is cir- 
cular. However, the present invention is not limited 
thereto. For example, as shown in FIGS. 7A and 7B, a 
filter may be formed by using a piezoelectric element 
having a piezoelectric vibrating portion whose shape 
viewed from above is rectangular or inequilateral non- 
parallel polygonal. In this case, the same effect can be 
obtained. Furthermore, as shown in FIG. 7C, the shape 
of the cavity portion viewed from above may be rectan- 
gular or any other desired shape. 
[0129] In the first to the ninth embodiments, the bridg- 
ing portions are formed so as not to be line-symmetric 
with respect to any line segment traversing the piezoe- 
lectric vibrating portion and so as not to be point-sym- 
metric with respect to any point in the piezoelectric vi- 
brating portion in the projection of the piezoelectric vi- 
brating portion in the laminating direction. However, in 
the present invention, as long as the bridging portions 
are formed so as not to be line-symmetric with respect 
to any line segment traversingthe piezoelectric vibrating 
portion in the projection of the piezoelectric vibrating 
portion in the laminating direction, the advantage of the 
present invention can be obtained even with point sym- 
metry. Similarly, as long as the bridging portions are 
formed so as not to be point-symmetric with respect to 
any point in the piezoelectric vibrating portion in the pro- 
jection of the piezoelectric vibrating portion in the lami- 
nating direction, the advantage of the present invention 
can be obtained even with linear symmetry. In other 
words, it is sufficient that the bridging portions are 
formed so as not to be line-symmetric with respect to 
any line segment traversing the piezoelectric vibrating 
portion and/or so as not to be point-symmetric with re- 
spect to any point in the piezoelectric vibrating portion 
in the projection of the piezoelectric vibrating portion in 
the laminating direction. 



[0130] FIGS. 17, 18, 19, 20, 21 and 22 are views 
showing variant examples of the bridging portions. 
[0131] As shown in FIG. 17, the first bridging portion 
2a may be constituted by the piezoelectric layer and the 
5 upper electrode layer, and the second bridging portion 
2b may be constituted by the piezoelectric layer and the 
lower electrode layer. 

[0132] As shown in FIG. 18, the piezoelectric element 
is prevented from being point-symmetric with respect to 

10 any point in the piezoelectric vibrating portion 1 by mak- 
ing the thickness of the first bridging portion 2a different 
from the thickness of the second bridging portion 2b, al- 
though it is line-symmetric with respect to a line A-A. 
The piezoelectric element shown in FIG. 18 is also en- 

75 compassed in the present invention. 

[0133] As shown in FIG. 1 9, the piezoelectric element 
is prevented from being point-symmetric with respect to 
any point in the piezoelectric vibrating portion 1 by mak- 
ing the length of the first bridging portion 2a different 

20 from the length of the second bridging portion 2b, al- 
though it is line-symmetric with respect to a line A-A. 
The piezoelectric element shown in FIG. 19 is also en- 
compassed in the present invention. 
[0134] As shown in FIG. 20, the first to the fourth 

25 bridging portions 2a, 2b, 2c and 2d have the same thick- 
ness, length and shape. However, the first to the fourth 
bridging portions 2a, 2b, 2c and 2d are arranged so as 
not to be line-symmetric with respect to any line seg- 
ment traversing the piezoelectric vibrating portion 1 and 

30 so as not to be point-symmetric with respect to any point 
in the piezoelectric vibrating portion 1 in the projection 
of the piezoelectric vibrating portion 1 in the laminating 
direction. The piezoelectric element shown in FIG. 20 is 
also encompassed in the present invention. 

35 [0135] As shown in FIG. 21, the first and the second 
bridging portions 2a and 2b have the same thickness 
and length. However, the piezoelectric element is pre- 
vented from being point-symmetric with respect to any 
point in the piezoelectric vibrating portion 1 by making 

40 the thickness of the first wiring electrode 3a different 
from the thickness of the second wiring electrode 3b, 
although it is line-symmetric with respect to a line A-A. 
The piezoelectric element shown in FIG. 21 is also en- 
compassed in the present invention. 

45 [0136] As shown in FIG. 22, the first and the second 
bridging portions 2a and 2b may be arranged such that 
the central line Ca-Ca of the first bridging portion 2a is 
perpendicular to the central line Cb-Cb of the second 
bridging portion 2b. In this case, the piezoelectric ele- 

50 ment is prevented from being point-symmetric with re- 
spect to any point in the piezoelectric vibrating portion 
1 , although it is line-symmetric with respect to a line A-A. 
The piezoelectric element shown in FIG. 22 is also en- 
compassed in the present invention. 

55 

(Tenth Embodiment) 

[0137] The present invention can also be applied to a 
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mirror piezoelectric element. FIG. 23 is a cross-section- 
al view showing a mirror piezoelectric element of a tenth 
embodiment of the present invention. In FIG. 23 f the mir- 
ror piezoelectric element 100 includes an upper elec- 
trode layer 1 01 , a piezoelectric layer 1 02, a lower elec- 
trode layer 103, a mirror layer 104, a first joint portion 
105a, a second joint portion 105b ; afirst wiring electrode 
1 06a, a second wiring electrode 1 06b, and a substrate 
107. A piezoelectric vibrating portion is formed with the 
upper electrode layer 101, the piezoelectric layer 102 
and the lower electrode layer 1 03. 
[01 38] The first joint portion 1 05a is constituted by an 
electrode extended from a portion of the periphery of the 
upper electrode layer 101, and a piezoelectric sub- 
stance drawn from the piezoelectric layer 1 02 toward a 
portion above the mirror layer 1 04. The first joint portion 
1 05a electrically connects the first wiring electrode 1 06a 
to the upper electrode layer 1 01 and mechanically con- 
nects the piezoelectric vibrating portion and the first wir- 
ing electrode 106a. 

[01 39] The second joint portion 1 05b is constituted by 
an electrode extended from a portion of the periphery of 
the lower electrode layer 103, and a piezoelectric sub- 
stance drawn from the piezoelectric layer 1 02 toward a 
portion above the mirror layer 1 04. The second joint por- 
tion 105b electrically connects the second wiring elec- 
trode 1 06b to the lower electrode layer 103 and mechan- 
ically connects the piezoelectric vibrating portion and 
the second wiring electrode 106b. 
[0140] The first and the second joint portions 105a 
and 105b are arranged so as not to be line-symmetric 
with respect to any line segment traversing the piezoe- 
lectric vibrating portion and/or so as not to be point-sym- 
metric with respect to any point in the piezoelectric vi- 
brating portion in the projection of the piezoelectric vi- 
brating portion in the laminating direction. The arrange- 
ment pattern of the first and the second joint portions 
105a and 105b is, for example, a pattern in which the 
cavity portion 25 in FIG. 1A is replaced by the mirror 
layer 104. 

[0141] Thus, in the tenth embodiment, the joint por- 
tions are arranged so as not to be line-symmetric with 
respect to any line segment traversing the piezoelectric 
vibrating portion and/or so as not to be point-symmetric 
with respect to any point in the piezoelectric vibrating 
portion in the projection of the piezoelectric vibrating 
portion in the laminating direction. Therefore, the piezo- 
electric vibrating portion is hardly twisted. Furthermore, 
in the piezoelectric vibrating portion, the vibration hardly 
occurs in the lateral direction. Therefore, in the piezoe- 
lectric element 100 of the tenth embodiment, there is 
hardly any source for spurious responses. Therefore, in 
the piezoelectric element of the tenth embodiment, spu- 
rious responses caused by the symmetry of the support- 
ing portions can be suppressed, compared with the con- 
ventional piezoelectric element. As a result, the piezo- 
electric element of the tenth embodiment serves as a 
resonator having good frequency characteristics that 



can attenuate unwanted vibration modes. 
[01 42] It should be noted that, similarly to the first em- 
bodiment, the piezoelectric element of the tenth embod- 
iment can be modified according to the various variant 

5 examples described in this specification. 

[0143] In this embodiment, two or three bridging por- 
tions are used, for example. However, the present in- 
vention is not limited thereto, and the number of the 
bridging portions can be increased, if necessary. 

10 [0144] Furthermore, a filter is shown as an example 
of the composite piezoelectric element in this embodi- 
ment. However, the present invention is not limited 
thereto : and the composite piezoelectric element of the 
present invention can be applied to inkjet printer heads, 

15 sensors or other various devices. 

(Eleventh Embodiment) 

[0145] Next, a configuration in which the piezoelectric 
20 element of the present invention is applied to a ladder 
filter will be described with reference to FIG. 24. 
[0146] FIG. 24 is a diagram showing the configuration 
of a ladder filter 600 of an eleventh embodiment of the 
present invention. In FIG. 24, the ladder filter 600 in- 
25 eludes a first piezoelectric element 610, a second pie- 
zoelectric element 620 and input/output terminals 630 
and. 640. The first and the second piezoelectric ele- 
ments 61 0 and 620 are piezoelectric elements as shown 
in any of the first to the tenth embodiments. 
30 [0147] The first piezoelectric element 61 0 is connect- 
ed in series between the input/output terminals 630 and 
640. Therefore, the first piezoelectric element 61 0 is op- 
erated as a serial resonator. 

[0148] The second piezoelectric element 620 is con- 
35 nected in parallel between the input/output terminals 
630 and 640 and grounded. Therefore, the second pie- 
zoelectric element 620 is operated as a parallel resona- 
tor. 

[01 49] The piezoelectric resonators are connected in 
40 this manner, so that a filter is configured as an L-shaped 
ladder filter. 

[01 50] The thickness of each piezoelectric element is 
set such that the resonant frequency of the first piezoe- 
lectric element 61 0 is different from the resonant f re- 

45 quency of the second piezoelectric element 620. The 
resonant frequency of the first piezoelectric element 61 0 
is set to be higher than that of the second piezoelectric 
element 620. Thus, a ladderfilter having bandpass char- 
acteristics can be realized. Preferably, the resonant fre- 

50 quency of the first piezoelectric element 61 0 is matched 
with the anti-resonant frequency of the second piezoe- 
lectric element 620, or is set to be in the vicinity thereof. 
With this, a ladder filter having better smoothness of the 
passband can be realized. 

55 [0151] In the eleventh embodiment, the filter is aone- 
stage ladder filter, but the piezoelectric element of the 
present invention can be used for a multi-stage ladder 
filter. 
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[01 52] In the eleventh embodiment, the filter has a L- 
shaped ladder configuration, but can be a filter having 
otherconfigurations such as aT-shaped or 7t-type multi- 
stage configuration to obtain the same effect. Needless 
to say, the same effect can be obtained with a T-type or 
7c-type multi-stage configuration. 
[01 53] Furthermore, the same effect can be obtained, 
not only with a ladder-type, but also with a lattice filter 
configuration. In other words, the configuration is not 
limited to the above-described configurations and can 
be any configuration, as long as the filter uses at least 
one piezoelectric element of the present invention. 

(Twelfth Embodiment) 

[01 54] I n the twelfth embodiment, the configuration of 
an antenna duplexer and communication equipment us- 
ing the piezoelectric element of the above-described 
embodiments will be described. 

[01 55] FIG. 25 is a diagram showing the configuration 
of an antenna duplexer 200 of the twelfth embodiment 
of the present invention. In FIG. 25, the antenna duplex- 
er 200 includes a Tx filter (transmitting filter) 201 to 
which the piezoelectric element of the present invention 
is applied, an Rx filter (receiving filter) 202 to which the 
piezoelectric element of the present invention is applied, 
and a phase shifter 203 including two transmission lines 
204 and 205. The Tx filter 201 allows the signals of the 
transmitting band to pass through and attenuates the 
signals of the receiving band. The Rx filter 202 allows 
the signals of the receiving band to pass through and 
attenuates the signals of the transmitting band. Thus, 
an antenna duplexer having excellent characteristics 
such as low loss can be obtained. It should be noted 
that the number of filters or the number of stages of the 
piezoelectric resonators constituting a filter is not limited 
to that shown in FIG. 24, and can be designed as de- 
sired. It is sufficient that at least one piezoelectric ele- 
ment of the present invention is used as piezoelectric 
elements constituting the Tx filter 201 and/orthe Rx filter 
202. 

[01 56] FIG. 26 is a diagram showing the configuration 
of communication equipment 411 of the twelfth embod- 
iment of the present invention. In FIG. 26 : the commu- 
nication equipment 411 includes the antenna duplexer 
404 shown in FIG. 25, a transmitting amplifier 405, a 
filter 406, a transmitting circuit 407, a receiving amplifier 
408, a receiving circuit 409, and an antenna 410. A 
transmission signal output from the transmitting circuit 
407 is input to the antenna duplexer 404 via the filter 
406 andthe transmitting amplifier405. The transmission 
signal input to the antenna duplexer 404 is transmitted 
via the antenna 41 0. On the other hand, a received sig- 
nal that is received at the antenna 41 0 is input to the 
receiving circuit 409 via the antenna duplexer 404 and 
the receiving amplifier 408. Thus, when the antenna du- 
plexer 404 having excellent characteristics such as low 
loss is used, compact and high performance communi- 



cation equipment can be realized. The piezoelectric el- 
ement of the present invention also can be used for the 
filter 406. Furthermore, the communication equipment 
is not limited to the one shown in FIG. 26 as an example 

5 and can be designed as desired. The portion in which 
the piezoelectric element of the present invention is 
used is not limited to a duplexer or a filter. The piezoe- 
lectric element of the present invention may be used for 
a filter on the receiving side. 

10 [0157] Thus, an antenna duplexer or communication 
equipment having good characteristics can be realized 
by using the piezoelectric element of the present inven- 
tion for the antenna duplexer or the communication 
equipment. 

15 [0158] The present invention is a piezoelectric ele- 
ment or a composite piezoelectric element having good 
frequency characteristic in which the laterally propagat- 
ing acoustic wave modes are suppressed, and therefore 
the present invention is useful for portable equipment, 
20 communication equipment or the like. 

[0159] While the invention has been described in de- 
tail, the foregoing description is in all aspects illustrative 
and not restrictive. It is understood that numerous other 
modifications and variations can be devised without de- 
25 parting from the scope of the invention. 
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30 1. A piezoelectric element (20) comprising: 
a substrate (21); 

a lower electrode layer (24) laminated on or 

above the substrate; 
35 a piezoelectric layer (22) laminated on or above 

the lower electrode layer; 

an upper electrode layer (23) laminated on or 

above the piezoelectric layer; 

a cavity portion (25) formed below a piezoelec- 
40 trie vibrating portion (1) including the lower 

electrode layer, the piezoelectric layer and the 

upper electrode layer; and 

at least two bridging portions (2a, 2b) extending 

from a portion of a periphery of the piezoelectric 
45 vibrating portion, for supporting the piezoelec- 

tric vibrating portion with the substrate above 

the cavity portion, 

wherein the at least two bridging portions are 
50 formed so as not to be line-symmetric with respect 
to any line segment traversing the piezoelectric vi- 
brating portion and/or so as not to be point-symmet- 
ric with respect to any point in the piezoelectric vi- 
brating portion in a projection of the piezoelectric 
55 vibrating portion in the laminating direction. 

2. The piezoelectric element according to claim 1 , 
wherein the cavity portion is formed by processing 
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the substrate. 

3. The piezoelectric element according to claim 1, 
wherein the cavity portion is formed by processing 
a cavity portion-forming layer (10) for forming the 
cavity portion that is provided on the substrate. 

4. The piezoelectric element according to claim 1 , fur- 
ther comprising a dielectric layer (7a : 7b, 7c) pro- 
vided so as to be in contact with at least one select- 
ed from the group consisting of the lower electrode 
layer, the piezoelectric layer and the upper elec- 
trode layer. 

5. The piezoelectric element according to claim 4, 
wherein the dielectric layer (7a) is provided be- 
tween the substrate and the lower electrode layer. 

6. The piezoelectric element according to claim 4, 
wherein the bridging portions are formed by extend- 
ing at least one selected from the group consisting 
of the lower electrode layer, the piezoelectric layer, 
the upper electrode layer and the dielectric layer. 

7. The piezoelectric element according to claim 4, 
wherein the at least one selected from the group 
consisting of the lower electrode layer, the piezoe- 
lectric layer, the upper electrode layer and the die- 
lectric layer is formed so as to extend up to at least 
a portion of a peripheral portion of the cavity portion. 

8. The piezoelectric element according to claim 1, 
wherein the at least two bridging portions comprise: 

a first bridging portion (2a) including a portion 
extended from the upper electrode layer; and 
a second bridging portion (2b) including a por- 
tion extended from the lower electrode layer; 
and 

the piezoelectric element further comprises: 

a first wiring electrode (3a) that is provided 
in a peripheral portion of the cavity portion 
on or above the substrate so as to be elec- 
trically connected to the portion extended 
from the upper electrode layer and that is 
connected to a first terminal electrode, and 
a second wiring electrode (3b) that is pro- 
vided in a peripheral portion of the cavity 
portion on or above the substrate so as to 
be electrically connected to the portion ex- 
tended from the lower electrode layer and 
that is connected to a second terminal elec- 
trode. 

9. The piezoelectric element according to claim 8, 

wherein the first wiring electrode is provided 
such that a first central line (OMa) connecting the 
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center of the piezoelectric vibrating portion and the 
center of the first bridging portion is not overlapped 
with a second central line (OM1) connecting the 
center of the piezoelectric vibrating portion and the 
center of the first wiring electrode in a projection in 
the laminating direction, and 

the second wiring electrode is provided such 
that a third central line (OMb) connecting the center 
of the piezoelectric vibrating portion and the center 
of the second bridging portion is not overlapped with 
a fourth central line (ON2) connecting the center of 
the piezoelectric vibrating portion and the center of 
the second wiring electrode in a projection in the 
laminating direction. 

10. The piezoelectric element according to claim 9, 

wherein the first bridging portion is provided 
such that the first bridging portion is not provided 
between the piezoelectric vibrating portion and the 
first wiring electrode in the laminating direction, and 

the second bridging portion is provided such 
that the second bridging portion is not provided be- 
tween the piezoelectric vibrating portion and the 
second wiring electrode in the laminating direction. 

1 1 . The piezoelectric element according to claim 1 , fur- 
ther comprising: 

a first relay electrode (5a) electrically connect- 
ed to the upper electrode layer extending up to 
a periphery of the cavity portion via the at least 
two bridging portions; and 
a second relay electrode (5b) electrically con- 
nected to the lower electrode layer extending 
up to a periphery of the cavity portion via the at 
least two bridging portions. 



12. The piezoelectric element according to claim 11 , 

wherein at least one of the first relay electrode 
40 and the second relay electrode is provided in a ring- 
shape or a frame-shape along the periphery of the 
cavity portion. 

13. A composite piezoelectric element (20j) in which at 
45 least two piezoelectric elements are electrically 

connected to each other, at least one of the piezo- 
electric elements (20k, 201) comprising: 

a substrate; 

so a lower electrode layer laminated on or above 

the substrate; 

. a piezoelectric layer laminated on or above the 
lower electrode layer; 

an upper electrode layer laminated on or above 
55 the piezoelectric layer; 

a cavity portion (25) formed below a piezoelec- 
tric vibrating portion (1) including the lower 
electrode layer, the piezoelectric layer and the 
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upper electrode layer; and 
at least two bridging portions (2a, 2b, 2c) ex- 
tending from a portion of a periphery of the pi- 
ezoelectric vibrating portion, for supporting the 
piezoelectric vibrating portion with the sub- 5 
strate above the cavity portion, 

wherein the at least two bridging portions are 
formed so as not to be line-symmetric with respect 
to any line segment traversing the piezoelectric vi- 10 
brating portion and/or so as not to be point-symmet- 
ric with respect to any point in the piezoelectric vi- 
brating portion in a projection of the piezoelectric 
vibrating portion in the laminating direction. 

75 

A piezoelectric element (100) comprising: 



brating portion including the lower electrode 
layer, the piezoelectric layer and the upper 
electrode layer; .-.r d 

at least two bridging portions extending from a 
portion of a periphery of the piezoelectric vibrat- 
ing portion, for supporting the piezoelectric vi- 
brating portion with the substrate above the 
cavity portion, 

wherein the at least two bridging portions are 
formed so as not to be line-symmetric with respect 
to any line segment traversing the piezoelectric vi- 
brating portion and/or so as not to be point-symmet- 
ric with respect to any point in the piezoelectric vi- 
brating portion in a projection of the piezoelectric 
vibrating portion in the laminating direction. 



a substrate (107); 

a lower electrode layer (103) laminated on or 
above the substrate; 20 
a piezoelectric layer (102) laminated on or 
above the lower electrode layer; 
an upper electrode layer (101) laminated on or 
above the piezoelectric layer; 
a mirror layer (1 04) formed below a piezoelec- 25 
trie vibrating portion including the lower elec- 
trode layer, the piezoelectric layer and the up- 
per electrode layer; 

a first joint portion including a portion extended 
from the upper electrode layer, for electrically 30 
and mechanically connecting to a first wiring 
electrode formed on the mirror layer; and 
a second joint portion including a portion ex- 
tended from the lower electrode layer, for elec- 
trically and mechanically connecting to a sec- 35 
ond wiring electrode formed on the mirror layer, 

wherein the first joint portion and the second 
joint portion are formed so as not to be line-sym- 
metric with respect to any line segment traversing *o 
the piezoelectric vibrating portion and/or so as not 
to be point-symmetric with respect to any point in 
the piezoelectric vibrating portion in a projection of 
the piezoelectric vibrating portion in the laminating 
direction. 45 

A filter comprising a plurality of piezoelectric ele- 
ments, at least one of the piezoelectric elements 
comprising: 

50 

a substrate; 

a lower electrode layer laminated on or above 
the substrate; 

a piezoelectric layer laminated on or above the 
lower electrode layer; 55 
an upper electrode layer laminated on or above 
the piezoelectric layer; 

a cavity portion formed below a piezoelectric vi- 



16. A duplexer (200) comprising a filter including a plu- 
rality of piezoelectric elements, at least one of the 
piezoelectric elements comprising: 

a substrate; 

a lower electrode layer laminated on or above 
the substrate; 

a piezoelectric layer laminated on or above the 
lower electrode layer; 

an upper electrode layer laminated on or above 
the piezoelectric layer; 

a cavity portion formed below a piezoelectric vi- 
brating portion including the lower electrode 
layer, the piezoelectric layer and the upper 
electrode layer; and 

at least two bridging portions extending from a 
portion of a periphery of the piezoelectric vibrat- 
ing portion, for supporting the piezoelectric vi- 
brating portion with the substrate above the 
cavity portion, 

wherein the at least two bridging portions are 
formed so as not to be line-symmetric with respect 
to any line segment traversing the piezoelectric vi- 
brating portion and/or so as notto be point-symmet- 
ric with respect to any point in the piezoelectric vi- 
brating portion in a projection of the piezoelectric 
vibrating portion in the laminating direction. 

1 7. A communication equipment (41 1 ) comprising a pi- 
ezoelectric element, the piezoelectric element com- 
prising: 

a substrate; 

a lower electrode layer laminated on or above 
the substrate; 

a piezoelectric layer laminated on or above the 
lower electrode layer; 

an upper electrode layer laminated on or above 
the piezoelectric layer; 

a cavity portion formed below a piezoelectric vi- 
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brating portion including the lower electrode 
layer, the piezoelectric layer and the upper 
electrode layer; and 

at least two bridging portions extending from a 
portion of a periphery of the piezoelectric vibrat- 5 
ing portion, for supporting the piezoelectric vi- 
brating portion with the substrate above the 
cavity portion, 

wherein the at least two bridging portions are 10 
formed so as not to be line-symmetric with respect 
to any line segment traversing the piezoelectric vi- 
brating portion and/or so as not to be point-symmet- 
ric with respect to any point in the piezoelectric vi- 
brating portion in a projection of the piezoelectric 15 
vibrating portion in the laminating direction. 
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